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Abstract: Nowadays, postural misalignments prevalence in students is increasingly evident and its
early detection is the best way to prevent complications in adulthood. It is also known that postural
problems appear to have association between them. The aim of this study was to characterize
and study the association between spine, scapular and pelvic girdles postural misalignments in
213 school students (124 males and 89 females), aged between 10 and 20 years, from Escola Básica e
Secundária de Santa Maria (EBSSM). To understand the relation between postural misalignments we
compare the head positioning with the shoulder girdle, the shoulder girdle with the dorsal spine
and the lumbar spine with the pelvic girdle. The postural assessment was made by visual scan
analysis in a symmetrograph based on photogrammetry and the Adams. We found high percentages
of postural misalignments in all subjects. High prevalence was observed in the posterior view
of the frontal plane in the head lateral flexion, shoulders vertical asymmetry, scoliosis and in the
presence of gibbosity, whereas, in the right view of the sagittal plane forward head posture and
protracted shoulders were observed. The lumbar scoliosis was more prevalent in subjects with iliac
crest’s asymmetry (p < 0.001) and forward head posture was significantly related to the subjects
with protracted shoulders (p = 0.010). The protracted shoulders were more prevalent in subjects
with dorsal hyperkyphosis (p = 0.048) and lumbar hyperlordosis was related to the subjects with
pelvic anteversion (p < 0.001). The students’ postural assessment showed a wide variety of postural
misalignments. It also seems evident that there is a relationship between their occurrences. It should
be highlighted the importance of postural assessment in physical education (PE) classes to determine
postural misalignments among school students.
Keywords: postural misalignments; physical education; adolescents and youngsters
1. Introduction
Posture is recognizable as a body position in each activity. It is defined by the joints
and body segments relative positions [1]. The optimal postural alignment that leads to
an optimal movement efficiency result from minimal tension in the body’s structures [2].
Physical activities and postural behavior modifications in the bones positions may be
related with muscle shortening that could result in musculoskeletal system overloads [3].
Upon that, school environment and occupational activity might be associated with the
student’s posture.
The adoption and embracing of postural behaviors in humans being starts in the earli-
est ages [4]. Musculoskeletal system postural changes may lead to degenerative pathologies
and, if not earlier identified and adjusted, may physically limit the individuals [5]. There is
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numerous evidence that postural misalignments are present at all school ages [6–12], with
a higher prevalence of forward head posture, protracted shoulders and scoliosis [3,13–15].
Posture in students could be affected by school surroundings, that act similar to a
potential external factor that may contribute to postural misalignments. [9]. Furthermore,
and due to the long time spent at school, children and adolescents’ bone and muscle growth
and development might be affected by postural habits adopted there [3,6,9,12,13,16]. This
finding is reinforced by prolong daily inactivity periods in the classroom adopting incorrect
postures of their body segments and the lack of the necessary ergonomic adaptation of
school environment, that do not take into account the anthropometric dimensions of users
in different age groups [7,9,15–20]. The schoolbag weight is often excessive [21] and its
transportation is also mostly carried out asymmetrically [22]. Students with misaligned
sitting and standing postures were also more likely to present low back pain [18]. Thus,
school environment may change postural behavior and alignment in students.
Consequently, student’s postural assessment in physical education (PE) classes may
be the best way for the early detection of postural misalignments [17,23,24]. In this manner
PE teachers acquire, in collaboration with health professionals, a meaningful role in public
health promotion [25]. Additionally, and based on the student’s postural misalignments,
PE teachers should develop exercises that not only consider these pathologies, but also con-
tribute to their correction and normalization [9,11]. Postural assessment is also admissible
in all ages due to the growing and ageing processes [8,11]. There also seems to be a tendency
that postural behavior acquired during early ages may remain till adulthood [11,22].
Postural assessment is possible to be carried out through different methods, such as
photogrammetry, tomography, X-ray, plumb lines, visual scan analysis, symmetrographs
questionnaires, goniometers and scoliometers [9,17]. The symmetrograph is a non-invasive
method that showed to be valid and reliable for postural assessment in young students,
being the most used in large samples and in the school context [9,19,26]. The Adams Test
is universally accepted as the primary means of identifying scoliosis [5,27]. Up to date, it
is known that postural problems appear to have association between them, however, the
studies evidence a lack of precision in the clear identification of the existing association
among postural problems, namely related with scoliosis.
Thus, the aim of this study was to assess spine, scapular and pelvic alignment by visual
scan analysis, in order to detect postural misalignments in these body segments. It was
hypothesized that the subjects would show high percentages of postural misalignments
and that there is a relationship between its occurrences.
2. Materials and Methods
2.1. Participants
This study encompassed 213 students, 124 males and 89 females, aged between
10 and 20 years, with an average age of 14.30 ± 2.65 years. We can assume the representa-
tiveness of the sample in relation to the local student population. All assessments were
performed at the Escola Básica e Secundária de Santa Maria in PE classes. A request for
authorization was previously sent to the parents or guardians, as well as an explanation of
the study methodology and the importance of the students’ postural assessment. The study
was approved by the Education Regional Direction with process number DSP/15-29 and the
procedures were in accordance with the Helsinki Declaration regarding human research.
2.2. Visual Scan Analysis
The field test was made by visual scan analysis with a symmetrograph. The symmeto-
graph had a transparent acrylic plate with 2 m high and 1 m wide, inserted in a wooden
frame, containing a 0.1 square grid metric (Figure 1). The fabrication of the symmetrograph
was based on Kendall’s studies [28]. A 0.6 m × 0.6 m wooden base was connected to the
symmetrograph for foot placement, without any positional references. The subjects were
told to position themselves precisely in the center.
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Figure 1. Full body pictures in the posterior view of the frontal plane and right lateral view of the
sagittal plane.
The participants were assessed in the st nding position in underwear [28]. Ph togram-
metry technique was used to collect digital images in the posterior view of the frontal
plane and right lateral view of the sagittal plane (Figure 1). A Sony digital camera (Sonny,
Ciber-shot DSC-W810, Tokyo, Japan) was placed 2.65 m distance from the symmetrograph
and 0.85 m of heigh as in previous studies [29]. The distance between the camera and the
symmetrograph allowed to perfectly identify the postural misalignments in the image.
These two instruments were leveled through an air bubble level.
In the posterior view of the frontal plane the earlobes, shoulders, posterior superior
and iliac spines, C3 to L5 vertebrae and the intergluteal fold alignment were evaluat d.
In the right view of the s gittal plane, the symmetry between extern l auditory canal,
clavicular acromion, dorsal and lumbar cervical alignment, femoral trochanter, iliac crest
and the pubic symphysis vertical alignment were assessed. These anatomical references
defined a neutral postural profile, where any discordance in this alignment implied a
postural misalignment. The Adams test allowed to evaluate the student’s thoracolumbar
curves with a trunk flexion, with palms held together, knees extended and feet together.
The evaluation was made in a posterior p sition. The test was ac ounted positive when
gibbosity or thoracolumb r curves were found.
2.3. Statistical Analysis
Descriptive statistics involving central tendency and dispersion parameters (mean
and standard deviation) where used to characterize the selected variables. The Chi-Square
test was used for the association between the head positioning and the shoulder girdle, the
shoulder girdle and the dorsal spine, as well as between the lumbar spine and the pelvic
girdle postural misalignments. The significance level taken into account for the differences
found between the variables was p < 0.05. The computer program used for the statistical
analysis was the Statistical Package for Social Sciences (SPSS)—version 22.0.3.
3. Results
Postural misalignments were observed in all students. In the posterior view of the
frontal plane, the highest prevalence’s were observed in cervical scoliosis (51.6%), left
shoulder elevation (46.5%) and in dorsal scoliosis (39.9%). In right lateral view of the
Symmetry 2021, 13, 1959 4 of 8
sagittal plane the most prevalent misalignments were the forward head posture (76.1%),
protracted shoulders (41.3%) and pelvic anteversion (39.4%) (Table 1).
Table 1. Summary of postural misalignments.



















Head positioning Right lateral flexion 39.9%
Left lateral flexion 35.2%
Scapular girdle Higher right shoulder 28.6%
Higher left shoulder 46.5%
Cervical spine Cervical scoliosis 51.6%
Dorsal spine Dorsal scoliosis 39.9%
Lumbar spine Lumbar scoliosis 29.6%
Pelvic girdle Right pelvic tilt 31.9%























Head positioning Forward head posture 76.1%
Posterior head posture 1.4%
Scapular girdle Protracted shoulders 41.3%
Retracted shoulders 0.4%
Cervical spine Cervical rectification 24.9%
Cervical hyperlordosis 4.7%
Dorsal spine Dorsal rectification 0.9%
Dorsal hyperkyphosis 29.6%
Lumbar spine Lumbar rectification 4.7%
Lumbar hyperlordosis 24.9%
Pelvic girdle Pelvic anteversion 39.4%
Pelvic retroversion 0.9%
Regarding the comparison between the head position and the shoulder girdle (Table 2),
forward head was associated with protracted shoulders in the right view of the sagittal
plane (X2 = 13.294; p = 0.010). The percentage of aligned shoulders was higher for subjects
who presented the aligned head position (85.7%) and lower for who presented forward
head projection (52.5%). In the posterior view of the frontal plane, the percentage of
symmetrical shoulders was higher for the subjects who presented the aligned head position
(26.4%) without statistical significance.
Table 2. Percentage, frequency and chi-square test for analysis of the relationship between the head position and the
shoulder girdle.
Right Lateral View of the Sagittal Plane
Shoulder Girdle X2 p
Head position Aligned shoulders Protractedshoulders
Retracted
shoulders
0.010 *Aligned 85.7% 14.3% 0.0%
Forward head 52.6% 46.9% 0.6%
Posterior head 66.7% 33.3% 0.0% 13.294
Legend: * p < 0.05.
Regarding the comparison between the shoulder girdle and the dorsal spine (Table 3),
protracted shoulders were related to dorsal hyperkyphosis in the right view of the sagittal
plane (X2 = 9.562; p = 0.048). The percentage of normal dorsal column was higher for
subjects who revealed a shoulder girdle with aligned shoulders (76.6%) and lower for
protrusion (60.2%). In the posterior view of the frontal plane, the percentage of dorsal
scoliosis was higher for subjects who presented the shoulder girdle with right (55.7%) and
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left (51.5%) elevation and lower for symmetrical shoulders (37.7%). However, no statistical
significance was founded.
Table 3. Percentage, frequency and chi-square test for analysis of the relationship between the shoulder girdle and the
dorsal spine.
Right Lateral View of the Sagittal Plane
Dorsal Spine X2 p
Shoulder girdle Normal Retification Hyperkyphosis
0.048 *
Aligned shoulders 76.6% 1.6% 21.8%
Protracted
shoulders 60.2% 0.0% 39.8%
Retracted
shoulders 100.0% 0.0% 0.0% 9.562
Legend: * p < 0.05.
The comparison between lumbar spine and the pelvic girdle (Table 4), in the posterior
view of the frontal plane lumbar scoliosis was significantly more prevalent in subjects
with posterior superior iliac spine’s misalignment (X2 = 72.419; p < 0.001) and in the right
lateral view of the sagittal plane lumbar hyperlordosis was significantly related to the
subjects with pelvic anteversion (X2 = 59.597; p < 0.001) and lower to those with pelvic
neutral position.
Table 4. Percentage, frequency and chi-square test for analysis of the relationship between the lumbar spine and the pelvic
girdle.
Posterior View of the Frontal Plane
Lumbar Spine X2 p
Pelvic girdle Aligned Scoliosis
<0.001 **
Neutral position 91.5% 8.5%
Right tilt 39.7% 60.3%
Left tilt 26.7% 73.3% 72.419
Right Lateral View of the Sagittal Plane
Lumbar Spine X2 p
Pelvic girdle Normal Retification Hyperlordosis
<0.001 **
Neutral position 84.3% 8.7% 7.1%
Pelvic anteversion 47.6% 0.0% 52.4%
Pelvic retroversion 100.0% 0.0% 0.0% 59.597
Legend: ** p < 0.01.
4. Discussion
This work had as its main objective to assess significant differences in student’s spine,
scapular and pelvic alignment by visual scan analysis in PE class. It was hypothesized
that the subjects would show high percentages of postural misalignments and that there is
a relationship between its occurrences. This study detected high percentages of postural
misalignments in all subjects. In the posterior view of the frontal plane the highest preva-
lence’s were found in the head lateral flexion, shoulders level asymmetry, scoliosis and
in gibbosity, whereas in the right view of the sagittal plane a forward head posture and
protracted shoulders were mostly observed. The main findings in the relation between
misalignments were that lumbar scoliosis was significantly more prevalent in subjects with
posterior iliac crest’s misalignment, forward head was significantly higher for the subjects
who presented protracted shoulders and the later ones with dorsal hyperkyphosis. Lumbar
hyperlordosis was also significantly more prevalent in subjects with pelvic anteversion.
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The choice for visual scan analysis in a symmetrograph results from a non-invasive
method, with easy application in larger samples and with immediate feedback in PE
classes [9]. The Adams test is by common consent recognized as primary basis for monitor-
ing scoliosis and gibbosity [5,27].
Postural assessment importance in school students is substantiated by the fact that
there is a high prevalence of misalignments in all ages and school cycles [6–8,11,12]. It
also seems evident that the body changes resulting from the growth process could cause
postural imbalances [8,11], as well as the fact that the postural habits acquired at these ages
remain until adulthood [11,22]. Therefore, it is extremely important its early detection so
that they can be corrected in a timely manner. PE Classes should develop exercises that
not only consider these pathologies, but also contribute to their correction and normaliza-
tion. It’s also known that a school posture program improves ergonomic knowledge in
adolescents [11,12,30].
Regarding postural assessment, the misalignments were founded for the total sample.
In the posterior view of the frontal plane, scoliosis was the most prevalent misalignment,
being this finding more marked in the upper levels of the spine [5,18,19,23]. This phe-
nomenon may be related to the pubertal growth body transformations [26], low muscle
strength levels to balance external loads [21] or with the constant adoption of postures
that involve prolonged trunk lateral flexion [29]. Shoulders level misalignments were the
second most prevalent, with left shoulder elevation predominance [3,13,31,32] probably
due to the dominant side overuse [14,33] and muscle strength low levels to support external
loads. The often unilaterally excess of weight carried in the school backpacks could be
related with this misalignment [21,22]. The lumbar scoliosis was statistically related with
posterior iliac crests misalignments. In the right view of the sagittal plane, forward head
posture was the most obvious misalignment [19,34], presumably related with the long
periods of mobile phone usage [35], the use of low tables or highchairs [16] or also as a re-
balance for the excess of weight carried in the backpack [16,21,22,36]. Protracted shoulders
were the second most prevalent misalignment in our work [3,7,31]. However, these results
were lower regarding most of the literature [6,13,14,19]. The protracted shoulders higher
percentage was found in subjects with forward head posture. The dorsal hyperkyphosis
high prevalence agreed with previous studies [6,15,19] and was significantly higher for
students with protracted shoulders. That may be due to the possible relation with the
high prevalence of forward head posture [37]. The lumbar hyperlordosis was observed
with lower percentage in comparison to other studies [13–15,19]. Pelvic anteversion was
the third most prevalent misalignment in the sagittal plane, although presented a lower
prevalence than that we identify in other consulted works [3,13,14], being significantly
higher for subjects who revealed hyperlordosis [13].
The significant postural misalignments prevalence for the total sample emphasized the
importance of assessing posture in PE Classes. The main findings of this work showed that
lumbar scoliosis was more prevalent in subjects with iliac crest’s asymmetry. The forward
head posture was significantly related to protracted shoulders and the protracted shoulders
were more marked in students with dorsal hyperkyphosis. The lumbar hyperlordosis
was more prevalent in subjects with pelvic anteversion. The present study was based
on data collected from students from a specific geographical location condition and the
results cannot be generalized for the Portuguese student population. For future studies,
it is important to carry out a logistic regression to better understand the relationship
between postural misalignments. We also suggest conducting a similar methodology
(postural analysis) as longitudinal analysis and assessing youth’s biological age. Finally, it
is important to assess relationships between postural misalignments and pain events.
5. Conclusions
It was possible to attest a high number of postural misalignments in students. The
highest prevalence was noted in the head posture, followed by protracted shoulders and
horizontal alignment, scoliosis events and pelvic anteversion cases. The lumbar scoliosis
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was significantly related to the iliac crest’s asymmetry, forward head posture was more
prevalent in subjects with protracted shoulders, protracted shoulders were related to
dorsal hyperkyphosis and lumbar hyperlordosis was more marked in subjects with pelvic
anteversion. Postural education should be a priority for schools and the importance of
postural assessment in PE Classes should be highlighted.
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